Introduction
Occipital horn syndrome (OHS) is a rare X-linked recessive disorder caused by mutations of the ATP7A gene (OMIM 304150) encoding a copper-transport protein, Cu2+-transporting ATPase-alpha polypeptide. It is characterized by connective tissue disorders due to a copper transport defect. The syndrome is considered a milder variant of Menkes disease, with variable prognosis but substantially longer life expectancy. Since the disorder is X-linked recessive, the disease affects more males (1, 2) .
Onset may occur from birth to early adulthood. Pregnancy is usually normal, but at birth children may present with hypotonia, hypothermia, jaundice or/and feeding problems. The first remarkable signs may be intractable diarrhoea, bladder diverticula or recurrent urinary tract infections. Motor development is delayed due to muscle hypotonia. The joints are hyperextensible and the skin is hyperelastic and bruisable. Unusual facial features include a long, thin face with a high forehead, down-slanting eyes, a hooked or prominent nose, a long philtrum, a high arched palate, and large prominent ears. The hair is usually not abnormal, although some patients may have dull and unusually coarse hair. Inguinal hernia and its recurrence are common. Vascular anomalies, such as varicose veins and arterial aneurysms have also been described. Intellectual capacity is low to borderline normal. Deformations in the skeleton, such as thoracolumbar kyphosis or scoliosis, and pectus deformity are usually present. Radiography shows characteristic occipital horns which are symmetric exostoses, protruding from the occipital bone, hence the name. These exostoses are usually detected around 5-10 years of age (3) .
Diagnosis is based on the clinical features and confirmed by identification of a mutation in the ATP7A gene (4) . Early parenteral copper-histidine supplementation may modify the disease´s progression. However, copper histidine injections have been shown to be ineffective for treating the connective tissue manifestations of OHS (5, 6).
Here we report a case of bladder diverticula that was found to be part of occipital horn syndrome.
Case report
A boy with macrohematuria and recurrent UTI was referred to our institution for the first time at the age of 14 months. He was born to a healthy non-consanguineous couple by spontaneous vaginal delivery (37 + 5 weeks of gestation). His birth weight was 2880 g, birth length was 49 cm, and head circumference was 36 cm. The Apgar score was normal. There was no relevant family history, and three regular prenatal ultrasound check-ups were normal.
He presented at birth with poor muscle tone and a fracture of the occipital bone ( Fig.  1 ) Upon admission the boy was hypotrophic and hypotonic with signs of delayed psychomotor development. He had a long thin face, a high forehead, down-slanting eyes and a high arched palate. His skin was hyperelastic and his joints hyperextensible. Urine analysis showed macrohaematuria with leukocyturia and bacteriuria on microscopic examination. Renal function was normal and macrohematuria disappeared in 2 days after introduction of antibiotic therapy. We concluded that this was a part of the E coli UTI isolated in the urinary culture. Ultrasound (US) examination revealed normal kidneys and a massive bladder diverticulum on the left contour, which was confirmed by voiding cystourethrogram (VCUG) (Fig. 2a, 2b, 2c) . There was no evidence of bladder outlet obstruction or vesicoureteral reflux on VCUG. The urodynamics were normal. Due to his hypotonia and dysmorphic features, genetic and neuropaediatric counselling were performed. In laboratory findings low copper and ceruloplasmin were found. Genetic analysis showed mutation of the ATP7A gene (duplication in exons 11 and 12) and a diagnosis of occipital horn syndrome was made.
During the first year of follow-up the diverticulum did not empty properly and the boy suffered numerous UTIs, despite prophylactic antibiotics. At the age of 3 years we started clean intermittent catheterisation, and this was helpful for 2 years. However, at the age of 5 years the urinary infections started occurring once again and a new diverticu- lum, now on the right side, appeared (Fig. 3) . As a result the boy underwent cystostomy at the age of 6 years. The boy is now 8 years old and he has been free of UTI for two years.
Discussion
Bladder diverticula are defined as the herniation of the bladder mucosa through muscular fibres of the bladder wall, resulting in a thinwalled structure that empties poorly during micturition, hence its most common presentation is a UTI. The causes are numerous, and diverticula may be classified into primary, congenital diverticula and secondary diverticula due to bladder outlet obstruction, or diverticula secondary to connective tissue or muscle fragility (7) . The latter is seen in disease entities such as Prune belly syndrome, Ehlers-Danlos syndrome, OHS, Menkes disease and Williams-Beuren syndrome.
We report a case of bladder diverticula that was found to be a part of occipital horn syndrome (1, 8) . Complete loss of function caused by mutations in ATP7A lead to Menkes disease, involving impaired brain development, neurological degeneration, connective tissue abnormalities, and high mortality in early infancy (9) . Less severe defects produce the allelic disorder occipital horn syndrome (10) . The latter phenotype involves mainly connective tissue problems, including skin and joint laxity, tortuous blood vessels, bladder diverticula and hernias, and also skeletal abnormalities that include occipital exostoses, which give rise to the syndrome's name (2, 3) .
One Korean study showed that urological problems occurred frequently in Menkes disease, with bladder diverticula being the most common (11) . Bladder diverticula result in urinary stasis with a high residual urine volume, which leads to UTIs. Therefore, the main goal of management in patients with bladder diverticula is to accomplish complete bladder emptying with clean intermittent catheterization, or open surgical drainage in severe cases. 
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In our patient clean intermittent catheterisation (CIC) and prophylactic antibiotics were helpful to prevent UTIs for two years. At the age of 5 years a new diverticulum appeared and recurrent infections could not be controlled despite CIC and prophylactic antibiotics, therefore it was necessary to place a cystostoma at the age of 6 years. Finally, for the past two years he has been free of UTI. Our patient also had am occipital bone fracture at birth which we found. This was due to a traumatic birth event because bone fragility is a not part of occipital horn syndrome (12) .
Conclusion
Our case showed a boy with large bladder diverticula in occipital horn syndrome, a rare X-linked connective tissue disorder caused by a deficiency in the transport of copper, associated with mutations in the ATP7A gene (OMIM 304150). As bladder diverticula may be a part of underlying connective tissue disorder, it should be excluded in such patients presenting with urinary tract infections. A multidisciplinary approach is important for early and correct diagnosis in order to start appropriate treatment and follow up.
